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Montana Energy Code vs. 2012 IECC

* Frame wall insulation requirement unchanged (2012 IECC
requires added R5 insulation sheathing)

* Maximum house air tightness unchanged at 4 ACH50
(2012 IECC is 3 ACH50)

e Duct leakage to outside test allowed

* May use building cavities as return ducts in Montana but
not in the 2012 IECC

* Most DHW distribution pipe insulation requirements of
2012 IECC not adopted in Montana




Definitions

Residential Building

* Detached one and two family
dwellings

1 * Multiple single family dwellings
and townhouses

* Group R-2, R-3, R-4 <= 3 stories
in height




ECC
Does Residential or Commercial Apply”?

Apartments N this 3-story mixead
occupancy building
would the commercial
or residential sections
apply to each floor?

Apartments

Office/Retail




ECC
Does Residential or Commercial Apply”?

Condominiums N this 4-story mixed
occupancy building
would the commercial
or residential sections
apply to each floor?

Condominiums

Condominiums

Office/Retail




Additions, Alterations, Renovations, and Repairs

Additions - Treat ; R101.4.3

as a stand-alone N L

building or with | >
uilding. /8 N

Alterations, Renovations, & Repairs where
permit is required. Note the exceptions!
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Mandatory Provisions =

Prescriptive

* R-Value Performance
e U-Factor Alternative
e UA Alternative



Certificate (Mandatory) R401.3

ENERGY EFFICIENCY CERTIFICATE

Address:

City: State: _MD Zip Code:

RESIDENTIAL COMPLIANCE PATH
(Only One Shall Apply)

Prescriptive R O  Prescriptive U O
Prescriptive UA O Performance O
COMPONENT VALUES

Ceiling R or U-value:

Wood Frame Wall R or U —value:
Mass Wall R or U -value:

Floor R or U/ -value:

Basement Wall R-value:

Slab R-value: Depth:

Crawl Space R-value:

Fenestration U-Factor: SHGC:

Skylight U-Factor:

Ducts Outside of

Thermal Envelope R-value: Supply R-8 O Other R-6 O

Building Envelope Air Leakage: Air Changes pgad®ur
Max 3)

Duct System Air Leakage: cfm per 100sf

Rough In Testing: ©  Post Conctruction Testing:Z
Heating System Efficiency:
Cooling System Efficiency:
Water Heating Efficiency:

Gas Fired Unvented
Room Heater:

Electric Furnace:
Baseboard Electric Heat: O

This Certificate is based upon based upon Section R401.3 of the
2012 International Energy Conservation Code and Section N1101.16
of the 2012 International Residential Code. The Certificate shall be

posted on or in the electrical distribution panel.

| certify that the information contained on this certi
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Contractor;

Place on electrical panel.

R-Values
U-Factors & SHGC
Envelope Air Leakage

Space Conditioning
Efficiencies

Duct Tightness Test
Building Tightness Test
Duct R-Values

Builder Signature
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Btu/Deg F/SF

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Not All R-Values Are Created Equal

Reduced

] Heat Loss
R-1 to R-2 50%
| R10 to R-11 9.1%
: R-20 to R-21 2.4%

10/

1
1.1/0

R-30 to R-31

R-50 to R-51

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71
R-Value
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CRAWL
GLAZED oo MASS BASEMENT( s ABYR-

FENESTRATIO D b b 3
CLIMATE > SKYLIGHT® | Lo\ ccrraTio| CEILINGR FRAME [\ "o |FLOORR-| — SPACE!
ZONE | N U-FACTOR" | U-FACTOR N SHGC™© VALUE WALL R- o VALUE o M~ WALL R-
VALUE VALUE

o4 r R402.1.1

3 0.35 13

w0 0ss o e o2t Table of R-Values

5 and 20 or
: i X 10,2 ft
Marine 4 1345

e and U-Factors

20+5 or

h 10,4 ft 15/19
13+10

CRAWL

FRAME MASS BASEMENT| SPACE
CLIMATE |FENESTRATION | SKYLIGHT |CEILINGU-| WALLU- ( WALLU- | FLOORU- | WALLU-
ZONE U-FACTOR U-FACTOR FACTOR FACTOR FACTOR FACTOR

0.50 0.035 0.082 0.197 0.064 0360 0477 R4O 2 1 3
0.40 0.030 0082 0165 0064 0360 0477 L
0.35 0.030 0057 0098 0047 0091  0.136

4“::;:‘ 0.35 . 0.026 0.057 0.098 0.047 0.059 0.065 Ta b I e Of U - Fa cto rs

5 & Marine 4 0.32 0.55 0.026 0.057 0.082 0.033 0.050 0.055

6 0.32 0.55 0.026 0'054 0.060 0.033 0.050 0.055

7 and 8 0.32 0.55 0.026 0.048 0.057 0.028 0.050 0.055




Calculating Assembly U-Factors

R-Value
R-Value Cavity Framing

@— Inside air film 0.68 0.68

o——Gypsum board 0.45 0.45
&————— Cavity insulation 21.00 ...

¢—+—55"Stud == .. 6.80

Exterior sheathing 0.50 0.50
Exterior siding 1.00 1.00
Outside Air Film 0.17 0.17
Total R-value 23.80 9.60
U-Value 0.042 0.104
Area Fraction 0.80 0.20

Area Weighted U-Factor = (Arealg,. x Ul) + (Area2g,. + Area2)

Area Weighted U-Factor = (0.8 x 0.042) + (0.2 x 0.104) = 0.054
Area Weighted R-Value = (1/.054) = 18.38




Compliance Paths R402.1.4
T —

EQUIVALENT U-FACTORS®
CLIMATE FENESTRATION | SKYLIGHT CEILING AME | masswaLL | rFLooR i T~
o ZONE U-FACTOR UFACTOR | uFAcTOR |  MELL | UFacTOR® | w-FACTOR R cogon B ek
Mandatory + Prescriptive
1 0.50 0.75 0.035 0.082 0.197 0.064 0360 0.477
R-Value Com p utation 2 0.40 0.65 0.030 0.082 0.165 0.064 0.360 0.477
3 0.35 0.55 0.030 0.057 0.098 0.047 0.091° 0.136
4 except Marnine 0.35 0.55 0.026 0.057 0.098 0.047 0.059 0.065
5 and Marinc 4 0.32 0.55 0.026 0.057 0.082 0.033 0.050 0.055
[3 0.32 0.55 0.026 0.048 0.060 0.033 0.050 0.055
7and 8 0.32 0.55 0.026 0.048 0.057 0.028 0.050 0.055

Mandatory + Prescriptive

a Nonfenestration U-factors shall be obtained from measurement. calculation or an approved source.

. b. When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 0.17 in Climate Zone 1, 0.14 in Climate Zone 2. 0.12 in
U-Factor Alternative Climate Zone 3, 0.087 in Climate Zone 4 except Marine, 0.065 in Climate Zone 5 and Marine 4, and 0.057 in Climate Zones & through 8.
¢. Basement wall U-factor of 0360 in warm-humid locations as definad by Figure R301.1 and Table R301.1.

Mandatory + Prescriptive

Total UA Alternative

REScheck”
Mandatory + Performance Build
Simulated Performance e U A < UA

Alternative Energy Efficiency and Renewable Energy - U.S.Department of Energy P ro posed Sta n d a rd

UATotal = (A X U1)+ (A X UZ) +...
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2009 IECC*

INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT
GLAZED
CLIMATE |FENESTRATION SKYLIGHTb U- FENESTRATIO CEILING WOOD FRAME MASS WALL R- |FLOOR R- BASEMENT® SLABd R-VALUE & CRAWL SPACE®
ZONE U- FACTORb FACTOR N SHGCb’e R-VALUE WALL R-VALUE VALUEi VALUE WALL R-VALUE DEPTH WALL R-VALUE
21 or

6 033 0.60 NR 49 135ch 15/19 30° 15/19 10,4 ft 10/19

ot

21 or
NR 49 n 15/20 30% 15/19 10, 4 ft 15/19

6\.0.32 0.5

13+5 ‘.‘ ‘.‘

2012 IECC | 2012 IECC*

20+5 or
6 0.32 0.55 NR 49 13+10h 15/20 30° 15/19 10, 4 ft 15/19

* - With Montana Amendments
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Window U-Factor R402.1.1

from 032

Lower means less heat loss. ™ \Lﬁ"v‘?rﬁls Best
*'-.M-u_ INaow LO.

Millenniurm 20001
Mzsonal Conastraton Viny=Clad Wood Frame
RAating Cauncl @ Double Glazing - Argon Fill « Low E
Product Type: Vertical Slider
DI:' F ?ﬂ,:, F ENERGY PERFORMANCE RATINGS
. Solar Heat Gain Coefficient

"'\—\_4—'_\—\_4—'_\- "'\—\_4—'_\—\_4—'_\-
"'\—\_4—'_\—\_4—'_\- "'\—\_4—'_\—\_4—'_\-

e 0.32

AL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./IP)

=

e 0.51 o 0.2

Condensation Resistance

@ 51

Manufacturzr stipulaies tat these rEting: confomn to applicable NFRC procadures for demuining whole

f presduct performanca. NFRC ratings are determined for a fived sst of emdirenmental conditions and a

. spaeific product zize. NFRC doas not recommend any preduct and does not wamant te suitsbility of any

Source: www' n rc ° o rg product for any zpecific use. E:u'ﬂjltrrﬂ'l.rfa:u.lmr'snlfigmm for other product parfomiance nformation.
ww. . ong
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Energy Trusses Allow R-38

Scissor trusses solve the problem of how to insulate a
cathedral ceiling while allowing room to ventilate the
insulated space.

3
-

ermrad
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'''''''
i TR
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arlen .

Scissor Truss

Attic insulation

Raised-heel trusses allow the full depth of
attic insulation to extend over the top of the

Raised-Heel Truss exterior wall.
Exterior wall

Source - Residential Energy 19
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Eave Baffles Required

Roof insulation —— Continuous ridge -
—— ventilation

Insulation wind baffle ——___ \
2" minimum space

Water ——
protection
membrane

New: Required for air
permeable insulations

in vented attics
Continuous — o .
soffit vent P ~—— Consider increasing depth of
el | N insulation by using deeper
<9 \ trusses or oversized (longer)
N trusses
| E":; T Caulking or sealant
E=
¥ [.--;'.:

Source: USDOE Building Technologies Program, Introduction to Building Systems Performance: Houses That Work Il
20




Wood Frame Wall R-Value R402.1.1

rom R21 or R13+R5 R-Value o No Change

plyPRISOO R20+RS5 Sy Ri3+R10

 Exterior above-grade walls /I

o Attic kneewalls
» Skylight shaft walls fim joists

* Perimeter joists
» Garage walls (shared with
conditioned space)

21



Mass Walls

Concrete block

Concrete
|CF

Brick
Earth
Solid Timber/Logs

22



Mass Walls R402.2.5

R-15 *— R-20

EXTERIOR
EXTERIOR

R-9
R-11

R-8
R-7

R-15 If More Than Half of R-20 More Than Half of
Insulation on the Exterior Insulation on the Interior

23



Slab Insulation R402.2.9

R-10 for 4’ Vertical or Horizontal

Add R-5 if the slab has radiant
heat

Insulation

. Rigid
Insulation

Figure 4

Slab

Rigid
Insulation

Source: USDOE Building Energy Codes University

24




Slab Insulation R402.2.9

W

i

Bevel Cut

v

(

Slab

Source: USDOE Building Energy Codes University
25




Unvented Crawlspace Wall R402.1.1

From R].O/ R19 R'Value to R15 / R19
(Continuous / Cavity)

* Must choose to insulate either floor or walls
= Either mechanically vented or minimally conditioned (IRC)
= Continuous Class | vapor retarder at exposed earth

Unvented
Crawl Space

gappr
arrier /

Vented
Crawl Space

26




Unvented Crawlspaces — Two Design Options JINGR IR

Continuous Exhaust to Conditioned Air Supply
Exterior 1 CFM/50 SF Crawlspace Area

+ 1 CFM/50 SF Crawlspace Area A" Pathway to Common Area
e Air Pathway to Common Area

27
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Air Leakage (Mandatory)

R402.4

Thermal envelope must comply with both:

Testing (402.4.1.2) Air Barrier and Insulation

COMPONENT

CAITERA"

Air brier s thermal burvier

barrie shal b k
Esieror therml envelope consains 4 condonods alr barmier,
Breaks o joints in the i bariershal b sealed

Air-permeable insultion shall ot be used a5 a sealing material.

(Celing

The air barier in any dropped ceiling/soffit shall be aligned with the nsulation 2nd any

gups i the i boricr se
A .

Wisdows, skylights s doors

‘ o kaee wall & atte spoces shall
be sealed. =
[Coers and bes 11 e insulated and the janction of the foundation and sill plsie
| stall be sl
wate The jusction of th 0p plte sad top of extrior wals shal be seled.

Exierior thermal envelope insulaion fo framed wall sballbe installe in substancial
contact nd continooes aligoment with the air brrier

Knce walls shall be sealed

The space between window!door jumbs and framing and skylighis and framing shall be
sealed

R joits

Fooes
(incloding above-garage and cantilevered floors)

Crawl space walls

i joiss shall be insalated and inclde the s baier

solation shall be nstllod t maintin permanent ontact wih undeeside of sbfloor
decking.

: i

[Where peovided i e of flor insultion,insulation shall be permancaily aitached 1
he cruwtspace walls.

Exposet esrh i unvended crawdspaces shall be covered with » Clss [ vapor retarder
with averlupping jaints tape:

Sttt peneirations

Narmow cavites

Gannge separaion

space shall b seaid.

Duct shats, o ations, and flue T

Bt in marraw caviies skall be cut o fit, oe marmw cavities shall be filled by insulation
that on installation resdily conforms 10 the available cavity space.

i sealing shall be providsd between the garye and conditicoed spoces.

Recessed lighting

Recessed light fitures installed in the buikling thermal envelope shall e ai light, IC
rned, and sl o e drywall

umbing asd wiring

‘arouad wiring and plumbing is exterior walls, o |
exiend behind

Batt msulation shall be cut neatly

piging ond wieing

Hi

C regiser boots

Farepluce

s Exterior walls adjoen e nsalt insal
i Swoweeteh an cxtertor vall Separating them from the showers and tibs.
v . 3 The u o or i sealed
Elcetricalphooe box on exterior wal Lol

HVAC register boots that penetrate buikding therrmal envelope shall be sealed 1o he sub-
floor or drywall.

An i barrier shall be installed on freplace wall, Fireplaces shall huve gasketed doars. |

Installation (Table R402.4.1)

“Where required by the code official, testing shall be

conducted by an approved third party.”

28




Montana Air Barrier

Material(s) assembled
and joined together to
provide a barrier to air
leakage through and into
the building envelope. An
air barrier may be a
single material or a
combination of materials.




Air Barrier and Insulation Installation

16 Installation
Components

Source: USDOE Vol. 10 Building ARgqi
|
Best Practices Series - Air Sealing 5w

N U AR

CRITERIA®

Air barrier and thermal barrier

A continuous air barrier shall be mstalled in the building envelope,
Exaerior thermal envelope COngains i cominuous air barrier,
Breaks or joints in the air barrier shall be sealsd

Air-permeabids insulation shall not be used as o sealing material.

|
|
!
!

The air barrier in any dropped ceiling/soffii shall be aligned with the insalation and any
gups in the air barier sealed,
Access openings, drop dowa <air oc koee wall doors to ancosditioned attic spaces shall

Corners and beaders shall be insulated and the janction of the foundation and sill plste

The space between window/door Jamhs and framing and skylighis and framing shall be

Ceilinglanic
he sealked.
shall be sealed.

Wals The junction of the top plate asd top of extersor walls shall be sealed

e Exterior thermal evelope insulation for framed walls shall be installed in substantinl

contact and continoows alignment with the air barrier,
Knee walls shall be sealed

Windows, skylights sd doors il

Rem joasts Rim joists shall be insalated and inclode the air barrier

Fooes

(including above-garage and cantilevered floors)

- — ——

Crawl space walls

| The air barrier shall be installed at iy exposed edge of insalation.

[nsulatson shall be instalked to maintain permanent contact with undesside of subfloor
decking.

Where peovided in lieo of floor insulation, msalation shall be permanently atsched w0
the crawdspace walls

Expused earth in unvented cruwd spaces shall be covered with a Cluss [ vapor retarder
with averlupping jaints taped.

- = —

Shafts, panelralions

Duct shadts, wtility penetrations, and fue shafts opening Lo exterive or uncondstione:d
space shall be sealed.

- —

Narrow cavities

Garage separation

Hatts in nurraw cavities shall be cut to fit, or marrow cavities shall be filled by insulatioe
that on isstallation readily conformns 1o the avadlable cavity spoce.

;;ir m;]irngis;nll be provided betwean the gampe and cooditionsd spxcs

Recessed lighting

Recessed light ﬁ\lur;:s‘is-\vmrﬁlcd in the bailding thermal cm'c-lnnc shall be anrhght: l(‘——
rated, and sealed to the drywall.

{Plumbing and wiring

Batt insulation shall be cut m:ally to fit arousd 'uiring_n;ld ﬁiv;mbin; i exterior walls, or

Table R402.4.1.1

insukation that on insesllation readily conforms to availsble space skall exiend behend ‘
piging and wiring

i

| Showenub an exterior wall

Exterior walls adjscent to shawers and tubs shall be insulnted ard the air barner installed
separnting them from the showers and tubs,

Electrical/phone hox on exterior walls

The air harrier shall be mstalled behind electrical or communigation boxes or air sealed |
boxes shall be mstaibed.

f——

JHVAC regisier boots

Freplace

HYAC repisiés Brials (Rf-peiinte Gunbing iefhal S lopekhalibé Ealddio the sub-

floar or drywall)

—
An air barrier shall e installed on fireplace walls, Fireplaces shall huve gasketed doars, x

30



1. Air Barrier and Thermal Barrier Table R402.4.1.1

e Continuous air barrier shall be installed.
* Breaks or joints in the air barrier shall be sealed.

Gypsum Board vs. Polyethylene

Unchanged.

31



1. Air Barrier and Thermal Barrier

Drywall —>

Caulk where drywall

meets top plate Caulk

N —

Ceiling drywall taped - Floor Joist - .
or caulked to wall drywall Sill Plate

Table R402.4.1.1

<«— Housewrap

Bottom Plate

Rim Joist
Seal outside if it can

be done without interfering
with drainage

32




1. Air Barrier and Thermal Barrier

Seal with

sheet metal
and high-temp

caulk \‘

f;] chases

Seal

Caulkr
electrical
fixtures to
drywall

IDQ

/

Seal HVAC
penetrations

;

penetrations

Seal plumbing (

Seal and insulate

dropped soffit

3

Seal electrical ———

penetrations

Table R402.4.1.1

33




2. Ceiling/attic Table R402.4.1.1

/ “‘"qup-’ .’—?_..—/:J
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CONTROLLING THERMAL FLOW:
WHY ALIGN THE AIR BARRIER?

Cold attic air

30° F
o
sl
=]
‘ Dropped 300 F

ceiling Cold
outside air

Here's an common
example of air barrier
misalignment.

Warm inside air

70° F




Cold attic air

30° F

5

Warm inside air

70°F

CONTROLLING THERMAL FLOW:
WHY ALIGN THE AIR BARRIER?

The air barrier (in this case, the drywall)
doesn’t insulate, so radiation will heat the
surface of the dropped ceiling, warming
the air inside.

OIS

70°F

30° F
Cold
outside air



CONTROLLING THERMAL FLOW:
WHY ALIGN THE AIR BARRIER?

Ccold attic air

30°F

5

Warm inside air

70°F

The warm surface of the dropped
ceiling created a convective loop
through the fibrous insulation lining the

attic.

Y

700 F

30° F
Cold
outside air




CONTROLLING THERMAL FLOW:
WHY ALIGN THE AIR BARRIER?

As warm air flows into the attic, cold air
flows back out (into the dropped ceiling)

Cold attic air and lowers the temperature.

30° F
5 S
(/\D C
30° F
500 F Cold
Warm inside air outside air
70°F




3. Walls Table R402.4.1.1

= 2x6 corner studs
)

ﬁ

2x6 corner studs

Drywall clips
Bottom plate

Source: ENERGY STAR New Homes

1 |-}

Source: ENERGY STAR New Homes
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3. Walls

Air sealing key points continvea

R-18 insulation
(Georgia requirement)
R-13 + R-5,

R-15 + R-3,

or R-19in 2x6

Insulated Box

Source: USDOE Vol. 10 Building America
Best Practices Series - Air Sealing

Appendix 2009 IECC

Table R402.4.1.1

Install blocking and rafter baffle to
prevent wind-washing if vented, insulated
roofline (required)

Sealed attic-side air barrier (required)—
OSB, insulated sheathing, etc.

Blocking - fit in joist cavity,
caulked or foamed

40



4. Windows, Skylights, and Doors

backer rod, caulk,
or nonexpanding foam

Table R402.4.1.1

Source: USDOE Building Energy
Codes University

Unchanged.

Source: ENERGY STAR New Homes

Image: Sprayfoam.com

41




5. Rim Joists Unchanged. | Table R402.4.1.1




5. Rim Joists Table R402.4.1.1




6. Floors Table R402.4.1.1




7. Crawl| Space Walls Table R402.4.1.1







9. Narrow Cavities Table R402.4.1.1




Unchanged. | Table R402.4.1.1

10. Garage Separation

Drywall caulked, glued
or gasketed to top plate

e GARAGE

Bottom plate caulked
or gasketed to subfloor

Source: USDOE Vol. 10 Building America
Best Practices Series - Air Sealing

Source: ENERGY STAR New Homes



11. Recessed Lighting Table R402.4.1.1

Recessed light fixtures
should be rated for

insulation contact and
air tight (ICAT).

Airtight wire
ght | connection from
junction box

Decorative
Caulk cover
or Gasket

49
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12. Plumbing and Wiring

Does Not

with Code




13. Shower/Tub on Exterior Wall

Source: ENERGY STAR New Homes

Table R402.4.1.1

Unchanged.

Source: ENERGY STAR New Homes
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14. Electrical/Phone Box Table R402.4.1.1

Built=in
sealant

Select boxes with
built-in gasket
and sealant

Flange for sealing to
drywall air barrier

Source: USDOE Building Energy Codes University Seal all electric outlets and switches with foam
sealant, or select boxes with built-in sealant or
gaskets.

Source: USDOE Vol. 10 Building America
Best Practices Series - Air Sealing

52




AIR SEALING

Courtesy of Building Science Corp.



15. HVAC Register Boots Table R402.4.1.1

al
L
e —
Seal all cracks
and penetrations
IS
Seal boots to sheet
: . goods with caulk, s 4
Apply mastic : mastic, or spray foam :
to all seams ! : REGISTER ) & SE A M s

HMASTIC

Seal all joints in
boot and elbow
. 3 with mastic

Install insulation for

complete coverage

Source: ENERGY STAR New Homes
54




Depressurization Blower Door Test R402.4.1.2

Airln= <4 ACH50
4

55



i —

Applying Mastic

PLUG; don’t paint!
THICK AS A NICKEL}




Duct Tightness Testing R403.2.2

Postconstruction Test
Total Leakage or Leakage to the Outside
<=4 c¢fm/100 SF (at 25 PA)
Former leakage to outside limit was 8 cfm/100 SF
Former total leakage limit was 12 c¢fm/100 SF

Rough-in Test
Total Leakage
<=4 c¢fm/100 SF (at 25 PA)
Former total leakage limit was 6 cfm/100 SF

Testing not required if ducts and air handler
entirely within building thermal envelope.

57



Building Cavities as Return Ducts R403.2.3

2012 IECC prohibits use of building cavities for
either supply or return.

Montana amended to allow use of building
cavities for return.

Source: USDOE Building Energy Codes University
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Service Hot Water Systems

R-3 Insulation on:

* Piping > % in. nominal diameter
* Piping serving more than one dwelling unit
o Rining-fromthewaterheaterto kiichenoutlets—
* Piping located outside the conditioned space
* Piping from the water heater to a distribution manifold
* Piping under a floor slab
« Buried piping
» Supply and return piping in recirculating systems other than demand
recirculation systems

D AND 4 D
I\=TJVo.-r.4

59




R403.5




IRC R303.4 Whole house
mechanical ventilation

mandatory when house
is tighter than 5 ACH50.



Mechanical Ventilation Fan Efficacy R403.5.1

Whole-house mechanical ventilation system fans to
meet efficacy in Table R403.5.1

Exception When fans are integral to tested and listed HVAC
equipment, powered by electronically commutated motor

TABLE R403.5.1 MECHANICAL VENTILATION SYSTEM FAN EFFICACY

AIR FLOW RATE MINIMUM MINIMUM EFFICACY AIRFLOW RATE MAXIMUM
FAN LOCATION
(CFMm) (CFM/WATT) (CFM)
Range hoods Any 2.8 cfm/watt Any
In-line fan Any 2.8 cfm/watt Any
Bathroom, utility room 10 1.4 cfm/watt <90
Bathroom, utility room 90 2.8 cfm/watt Any
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Continuous Mechanical Ventilation IRC M1507.3.3

TABLE M1507.3.3(1)
CONTINUOUS WHOLE-HOUSE MECHANICAL VENTILATION SYSTEM
AIRFLOW RATE REQUIREMENTS
NUMBER OF BEDROOMS

Airflow in CFM

DWELLING
UNIT FLOOR

AREA (square
feet)

< 1,500
1,501-3,000 45 60 75 90 105
3,001-4,500 60 75 90 105 120
4,501-6,000 /5 90 105 120 135
6,001-7,500 90 105 120 135 150
> 7,500 105 120 135 150 165

Manual override required. o



Intermittent Mechanical Ventilation IRC M1507.3.3

TABLE M1507.3.3(2)
Intermittent Whole-House Mechancial Ventilation Rate Factors

100%

Factor
Exhaust Ventilation Balanced Ventilation
T i Exhaustair ' Exhaust air
] outlet ] outlet
..._,......-"j':j:::«E;_-ntral exhaust fan .H":::jj:::j:-....___ ggr?amu:;::lucts
% % 3 1 xfa?‘ust
A ' ' vy |
w = = o ‘ ‘
| . s )

g 1 T H = Fresh
. air
Supply fan ] inlet
au Alr flow @ Positive air pressure dm Air flow @ Positive air pressure “VI
| Airinfiltration @ MNegative air pressure ||, Airinfiltration @ Negative air pressure

HOME VENTILATING INSTITUTE
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Local Exhaust Ventilation (if installed) IRC M1507.3.3

Table M1507.4
Minimum Rquired Local Exhaust Rates for One- and
Two-Family Dwellings

Area to Be Exhausted SUETR A EES

100 cfm intermittent or 25 cfm

continuous

Mechanical exhaust capacity of 50
Bathrooms-Toilet Rooms c¢fm intermittent or 20 cfm

continuous

Kitchens

Local Interpretation Question

Does IRC R303.3 (Bathrooms may have 3ft? of glazing, % of which is
openable or local exhaust per M1507) provide alternative to local
mechanical ventilation if whole house ventilation is required?
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Whole House Ventilation Example

60 CFM Continuous
Exhaust Fan

100
CFM
3BR, 2000 SF House = 60 CFM Manual
Exhaust
Fan
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Whole House Ventilation Example

90 CFM
Continuous
Central Fan

4BR, 3600 SF House =90 CFM
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Equipment Sizing (Mandatory) R403.6

Heating and Cooling Equipment

* Sized according to ACCA Manual S

 Based on loads calculated per ACCA Manual J
(or other approved calculation methodology)

Residential lﬂ@

calculatlon s e
5, = ey —




Effects of Oversizing Air-conditioning Equipment

Oversizing results in short cycling......cccceveeveeeneeccccnnennn.

 Reduces equipment life
* Reduces efficiency

e Reduces filter effectiveness

69



Lighting (Mandatory) R404.1

/5% High Efficacy either:
1. Lamps or
2. Permanently Installed Fixtures

High Efficacy Lamps
1. Compact Fluorescent Lamps (CFL)
2. T-8 or small Diameter Linear Fluorescent Lamps
3. Lamps that meet the minimum lumens/watt

Low-wattage do not count.
Interior and exterior count.

AL
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Lighting (Mandatory) R404.1

e 60 lumens
e 50 lumens
e 40 lumens

High Efficacy Lamp Values

ner watt If over 40 W
ner watt If between 40 and 15 W

ner watt iIf 15 W less

Lamp Efficacy

Lum/Watt
Incandescent Tungsten Filament 7-18
Incandescent Tungsten Halogen 12-26
Linear Fluorescent 45-104
Compact Fluorescent 33-75

LED

70-140
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Air.Barrier vs Vapor Reta
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House lightness and Interior Humiaity

Tighter Building _ Increased Interior
Envelope ~ Relative Humidity
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VWindow
Condensation
G raDh Source: Lawrence

Berkeley National Laboratory

Relative Humidity (%)

100

_B_I]_

Triple-glazed
2 low-E coatings
argon gas fill

E_[I_

Double-glazed
low-E, argon gas

_4']_

Double-glazed

-30

=20 -10 0 10 20 20 40 50 &0
Outdoor Temperature ("F)




Alr Molecules

\\ater
\Vapor -~
Molecules . g~

Low Pressure High Pressure

Direction of Heating

— Season Air and Water

Vapor Movement
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DIffusion
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Alr
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Vapor Diffusion vs. Alr Transport

4x8 sheet of
DQ gypsum board | | I
Interior at 70°F
and 40% RH ? 1/3 quart
| of water

w
<4

-4

\9)
<
<

4x8 sheet of
~ gypsum board
with a 1 in2 hole

Interior at 70°F
“and 40% RH

30 quarts
of water

Source: USDOE Building Technologies Program, Whole-House Energy Savings in Cold and Very Cold Climates
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~or Diffusion:
\apor
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Air Transport
Alr Barrier
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Vapor Retarder and Air Barrier Code Summary

Continuous Air
Barrier in Building
Envelope EEEEEEEN

Classlorll ssssuns
Vapor Retarder —
Above Grade Walls




Vapor Retarders IRC R702.7

Class | or Il vapor retarder at

warm side of wall required.
Exception: Basement Walls and any
portion of below grade walls.

Class Il is allowed for:

= Vented cladding

= Continuous Insulation
e R-7.5 for 2x4 wall
e R11.25 for 2x6 wall

=< Vapor
A/ Retarder

Source - NCAT
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Vapor Retarders IRC R702

| 0.1 perm Sheet polyethyl-
or less ene, sheet metal, Impermeable
non-perforated (vapor barrier)

aluminum foil

1l Greater than | Kraft-faced

0.1 perm to fiberglass batts
less than or low-perm
1.0 perm paint

Semi-
impermeable

11 Greater than | Latex or enamel
1.0 perm to paint

less than
10 perm

Semi-
permeable

Source: USDOE Building Technologies Program, Whole-House Energy Savings in Cold and Very Cold 87




Class Il Vapor Retarders Permitted in Cold
Climate under Following Conditions

Zone Class lll vapor retarders
permitted for:

6 « Vented cladding over fiberboard
* Vented cladding over gypsum

* Insulated sheathing with R-value
= R-/.5 over 2x4 wall

* Insulated sheathing with R-value
= R-11.25 over 2x6 wall




Perm Ratings of Common Sheathing Materials

Plywood sheathing More than
1.0 perm
OSB More than
1.0 perm
Exterior gypsum More than
1.0 perm
Fiberboard sheathing More than
1.0 perm
Extruded polystyrene 1.0 perm
foam sheathing 1inch or less
Film-faced extruded More than
polystyrene 0.5 inch thick | 1.0 perm
with perforated facing
Nonperforeated foil-faced | Less than
rigid insulation 0.1 perm
Polypropylene-faced Less than
rigid insulation 0.1 perm
Three-coat, hard-coat Less than
stucco over 2 layers of 1.0 perm

Type D asphalt-saturated
Kraft paper and OSB

Source: Lstiburek 2006. See Building Science

Corporation 2006 for an extensive list of

building material perm ratings.

Hygroscopic Materials: Materials that
absorb water, their vapor permeability
goes up as the relative humidity goes

up.

Hydrophobic Materials: Materials
with permeance that does not change
with relative humidity.

The dry cup is designed to simulate a heated dry building
during a pouring rain, measuring the drive into the
building. The water, or wet, cup measures the vapor drive
moving out of the building.

Source: USDOE Building

Technologies Program, Whole-

House Energy Savings in Cold

and Very Cold Climates 89
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Drying Potential - Cold Climate

Exterior
Cooler

Lower
Humidity

Semi-Permeable

Primary
Drying to the
Exterior

Interior

Warmer
Higher

Humidity

Layer Semi-
Impermeable

Secondary
Drying to the
Interior




Envelope Control Challenges

Wind Washing




Interior Air Barrier Approaches

Ceiling drywall taped

Interior Air
Barrier
Using
Gypsum
Board and
Framing

to wall drywall

Drywall caulked, glued
or gasketed to top plate

Drywall caulked, glued
/ or gasketed to bottom plate
Bottom plate caulked or
gasketed to subfloor

Subfloor glued, caulked or gasketed
to rim joist/rim closure

Rim joist/rim closure caulked or
gasketed to top plate

Drywall caulked, glued or
gasketed to top plate

Drywall caulked, glued or
gasketed to bottom plate

Bottom plate caulked or
gasketed to subfloor

Subfloor glued, caulked or gasketed
to rim joist/rim closure

Rim joist/rim closure caulked
‘ ‘ or gasketed to sill plate
Sili plate installed over sill gasket

Note: shaded components designate
air barrier system

Source - Builder’s Guide to CC

Interior Air
Barrier Using
Polyethylene POlyethYIEne

Pl

Caulking / sealant

Polyethylene

V- Caulking / sealant

Vapor permeable housewrap
wrapped around floor assembly

|~—— Caulking / sealant

Polyethylene

/— Caulking / sealant

wrapped around floor assembly

|
Z 2
Sill plate installed over sill

gasket and air flow retarder

’ ——— Vapor permeable housewrap

Note: shaded components designate
air barrier system

Source - Builder’s Guide to CC
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Seal airtight IC-rated
recessed light
fixtures to drywall

Appendix Seal gap between
2009 IECC glrigglclal box and L

8

12

Seal
plumbing
penetrations
(if ceiling is insulated

Seal wiring and
plumbing penetrations

Seal lights and
bath vent fans
to ceiling drywall

Fan vented
through exterior
wall sealed at
penetration

Insulate
headers
Insulate

corners

Insulate and install
sheet material
behind bathtub

Insulated exterior
wall

Window
sealed
into rough
opening
using
backer rod

cavity batts
are cut to fit

Electrical panel box,
recommend install on
interior (non-insulated) wall.
If installed on exterior wall,
air barrier shall extend
behind box or air-sealed
box shall be installed.
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Why Insulated Sheathing?

: Thermal Break
Exterior +

Insulated Insulation
+

Air Barrier

Sheathing




Exterior Sheathing Temperature — No Insulation

Outside
30°F

Inside

55°F Sheathing
Surface Temperature

70°F
45°F Dew Point




Exterior Sheathing Temperature — With Insulation

Inside

70°F
45°F Dew Point

Outside

30°F

34°F Sheathing
Surface Temperature



R19 + R10

R19 + R5

R19

Nominal:

R-19.4 R-23.8

R14.4

Effective:

E W LW el . . BN TR CCEEFT W O N o W aee .,

I 1 i 1 I ﬂ |

A T

70°
60°
50°
40°
30°
20°

0
o
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Defects No Long



Top Building Science Principles

“People do what you inspect, not what you expect.”
Lou Gerstner, former CEO of RJR Nabisco and IBM

Source: Energy Conservatory Source: Energy Conservatory

Corollary: “If you measure it, it gets better.”
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ENERGY STAR New Homes

CHANGING WORLD:

BUILDER LIABILITY: NEW STORM

air leakage
in envelope

alr leakage

. /n ducts

IR PRO (AM<RA

air leakage

and
air barrirers

in envelope




Alr In = Alr out

/




Depressurization Blower Door Test R402.4.1.2

Airln= <4 ACH50
4

02



Pressurization Blower Door Test R402.4.1.2

Air In = Air Out

Source: NCAT 1u3




Blower Door Test
Depressurizing a House

STEPS

1. Install blower door with fan
exhausting air from house.
Rings must be to the inside of
the house.

2. Connect hoses as shown.

3. Manometer MODE
should read PR/FL,
CONFIG should reflect ring
used (open,AB, or C), and
DEVICE should refiect BD3.

4. Open all interior doors.
Close all exterior doors
and windows.

5. Turn OFF airhandler,
dryer, all fans and
combustion equipment.

6. Turn on blower door,
depressurize house to -50
Pascals (side A reading),
+/- 0.5 Pa. (hint: canvas
should be bulging inward).
Use the smallest ring
possible to get to -50 Pa.
If you have to change the
ring, be sure to reflect that
in the manometer
CONFIG setting.

7. Record reading on
side B. This is your house
cfm leakage at 50 Pa.

© Ecos. All Rights Reserved. 11/2010

50

PR/ FL

ERuNnITs

MODE CLEAR
Stop
Fan

BASE START
UNE Start
Fan

ON
OFF LIGH

BLOWER
DOOR

1200

Cruise
Target

TIME
AVE

ENTER!

2

HOLD

BD3 A1
-50 1200
Pa CFM
PR/ FL 1
ATTIC
GARAGE
AIR
HANDLER




Blower Door Math

To calculate air changes per hour at 50 Pa:

CFMq, X 60

ACH, =
House Volume

The volume is cubic feet enclosed by the conditioned space boundary.
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Open
Door

Total Duct Leakage Test

Digital Manometer
--.
=g ¥
* ElEm |

Supply Registers [ ,

Return Registers)
. .*_—— Duct ster Fan
r |

S ——.

s f

Supply and Return .L

Registers Must Be Sealed

Air Handler

Source:NCAT
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Duct Leakage to the Outside

Digital Manometers

e

Return Registers

Supply Registers

Blower
Door
Fan

Duct ster Fan

Supply and Return
Registers Must be Sealed

Air Handler

Source: NCAT
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Ventilation — The Challenge
* Does it meet code?

* |[s it effective?

* |sit energy efficient?



Mechanical Ventilation Strategies

Exhaust Only m
: -) Pressure

Ventilation " Mechanical I
Ventilation
Not recommended
for the Montana
climate.

Balanced

Mechanical "

Balanced

Ventilation
Pressure

without Heat
Recovery

Balanced
Mechanical
Ventilation
with Heat
Recovery

Balanced
Pressure




Whole House Ventilation Example

60 CFM Continuous
Exhaust Fan

100
CFM
3BR, 2000 SF House = 60 CFM Manual
Exhaust
Fan
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Central Balanced Exhaust without Heat Recovery

O] Bath Kitchen Exhaust|O

' Exhaust
’ ol

Motorized
Damper

Outside

| Bath Exhaust

Air Handler

Balanced ventilation system with fresh air intake
integrated with air handler and exhaust fan(s).




Heat Recovery Ventilator (HRV)

Adr filters

Fresh air
from outside

Stale air
to outside

Fresh air to
your home

Stale air from
your home

Recovery core where the warm inside
air transfers its heat and moisture to
the cold incoming fresh air
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Source: Aldes

Dedicated Exhaust Points with

Distribution of Fresh Supply Airthrough

the Central H/AC System
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Source: Aldes

Exhaust from H/AC Return and
Distribution of Fresh Air through H/AC

System
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Aldes
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Fully Ducted System



wisTis, = i
Tl LI
M vsh‘;nﬂﬁ
ccccccccc Source: Venmar
(ﬂ\ —_—
=
I s 21
: 6% : -
E° = -
o nies Oow _— haccon
S — <l .
Humidity Control Multifunction Control ~ 20/40/60 Timer Speed Control
(P/N 611224) (P/N 611227) (P/N 611228) (P/N 611229)

Source: Aldes
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“Why Are Air
ﬁPressures IN
b' . aHouse
+ Important?




A Simple Manometer

i Greater Air
What a manometer is: Pressure

= A pressure gauge

Lower Air
Pressure

What a manometer does:

= Measures the pressure
difference between two areas.

— 4 InH20

The original manometer




Pressure Change Driving Forces
=» Wind
=» Stack (the Chimney effect)
=» Exhaust Fans
=» Duct leakage
=» Unbalanced forced air systems (interior door closure)




Stack Effect

Diagram is based on inside
air being warmer than

outside air

When outside %

air is warmer
than inside
air, this
process is
reversed.

Positive
Pressure

Exfiltration

Neutral Pressure :_

Plane

Infiltration

——

Negative
Pressure

\
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Wind Driven Pressures

Wind creates
positive and
negative pressures
within the house.

Wind Direction

——— >

Infiltration

Positive
Pressure

Negative
Pressure

Exfiltration
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Correct Venting, Gas water Heater Venting Successfully




Large Kitchen Fan Backd@fting Gas Water Heater




House Pressures

U
The ENERGY
i | STAR program
3 - T requires that the
Supply Return Supply
pressure
® @ © ® @ between
Bedroom Hall Bedroom bed rooms and
f , common area be
——'——'— \

Ll-, ‘J_-, tested to assure
that the pressure
difference in no
more than 3 Pa.
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Closed Door to
Basement

Basement
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Examples of Jump Ducts and Transfer Grilles

_— Girille located high i
wall on bedroom sic
1o avoid blockage b

— 10-inch dia,
flex duct (typ.)

furniture
~— Sealant
I{_..«J
i " Ceiling —
Cavity is sealed tight, g'meng f
drywall glued to studs and
plates on both sides

+«—— Wall cavity

- ———— Grille located low in
wall on hallway side

__— Back-to-back grilles
B on both sides of
partition wall with
interior baffles

Sound and light
baffles (sheet matal)

Source: USDOE Building Technologies Program, Whole-House Energy Savings in Cold and Very Cold Climates




Energy Codes — Recommended Sites

www.energycodes.gov

nergy Efficiency &
enewable Energy

Building Energy Codes Program
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How Buildings Work — Great References

Cold
bbbl Builder’s Guide to Cold Climates

By Joe Lstiburek, Published by EEBA

’vv“r—&

Building America Best Practices Series
Volume 12: 40% Whole-House Energy
Savings in the Cold and Very Cold
Climates

[0 1
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How Buildings Work — Great Web Sites

https://buildingscience.com

Building
Science
Corporation

www.greenbuildingadvisor

{ omplete Source for Suiding, Designing. and Remodeling Green Homes
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Prasentations Online

www.ncat.org

= Energy
=» Energy Code

Training Presentations




